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Abstract----A new method is given for the determination of the bainite habit plane in specimens of 
a 35NiCr18 steel. The transformation of this steel is complete on cooling to room temperature. That 
is. no austenite is retained in the structure. Therefore, the new method is based on the orientation 
determination of the austenite prior to the bainite transformation using non-parallel [ 111 i twin intersec- 
tions, as described in Part 1. Results of measurements of the bainite habit plane are reported. These 
results are compared with those obtained from two-surface analyses employed to the same bainite 
plates. 
RksumcLOn prt-sente une nouvelle mithode pour dCterminer le plan d’accolement de la bainite dans 
des Cchantillons d’un acier 35Nil8C”r. La transformation de cet acier est compltte lorsqu’on le refroldit 
B la temperature ambiante. c’est a dire qu’il n’y a pas d’austtnite risiduelle dans la structure. Cette 
nouveile m&ode est done basCe SW la d~terminatjon de l’orientation de i’aust&te avant la transforma- 
tion bainitiquc. g partir des intersections de macles : I I t j non parall&s. On compare les rkstiltats 
avec ceux des analyses sur deux surfaces. appiiyu6es aux mime plaquettes de bainite. 
Zusammenfassung--Es wird eine neue Methode angegeben, die Habitusebene des Bainits in Proben 
eines Stahls, .i5NiCrl8, zu bestimmen. Die Umwand~ung dieses Stables ILuft bei Abk~hlung auf Raum- 
temperatur volistBndig ab; d.h. Austenit bleibt in der Struktur nicht zuriick. Daher baut die neue 
Methode auf der Orientierungsbestimmung des Austenits vor der Bainitumwandlung mittels nichtparal- 
leler Zwillingsiiberschneidungen (wie im Teil I beschrieben) auf. Messungen der Bainit-Habitusebenen 
werden vorgelegt. Diese Ergebnisse werden verglichen mit denjenigen, die aus der Analyse z.weier 
Oberfliichen an denselben Bain~tplatteil erhalten wurden. 
1. iNTRODUCTION In order to overcome these difficulties it is the pur- 
pose of the present paper to present a new method 
The phenomenological theories of martensitic trans- of habit plane determination without the aid of the 
formations, developed by Weschler CT a[. [I] and I.P.S. theory. This method depends on the orientation 
Bowles and MacKenzie C2.31 have been successful in determination of the austenite from non-parallel 
accounting for the crystallographic characteristics of : 1111 twin intersections, as described in the foregoing 
these and many other transformations. Both theories paper [6], hereinafter referred to as Part 1. and will 
arc fundamentally equivalent and differ only in their be compared with the method of a two-surface analy- 
mathematical formulation because of the introduction sis. Besides it will be shown that the specific indices 
of an isotropic dilatation parameter 6 on the interface of the bainite habit planes are irrational. This means 
(habit plane) in the calculations, as first proposed by that the habit plane is not a simple low-index plane. 
Bowles and Mackenzie [2,3]. In spite of this dila- The mean difference between the new method and 
tation parameter. both theories are also called the that of a two-surface analysis is the stage at which 
~nvari~lnt plane strain (I.P.S.) theory. the habit planes are determined. In our case. a two- 
it appears, however, that the full crystallography surface analysis can only be used after the transforma- 
of some transformations can not be explained by the tion is complete. This means that in most cases it 
basic theories because of the large dilatations of the is impossible to indicate a midrib for the habit plane 
order of ?“,, which must be invoked to be able to which represents the first stage of the transformation 
account for the observed habit planes [4]. One such process. Besides the midrib is not necessarily parallel 
anomalous case is the bainitic transformation in steel, to the mean planar boundaries of the bainite plate 
as has been pointed out by Bowles and Kennon [S]. because they may deviate from the overall orientation 
These workers demonstrated the failure of the theory of the plate. A second disadvantage is the presence 
to account for the observed bainite habit planes. of internal stresses after the transformation is com- 
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plete, because these stresses may influence the orien- 
tation of the bainite plate, and thus the habit plane. 
The new method allows the habit plane to be deter- 
mined at the very first beginning of the transforma- 
tion process. In this stage a very straight thin plate 
(midrib) forms in an almost stress-free matrix, corre- 
sponding to the true habit plane. 
It will be shown that the habit plane determination 
of one and the same bainite plate with the aid of 
both methods causes a difference in orientation of 
the habit plane, which can not be attributed to errors 
of measurement alone. This means that the new 
method is a more reliable one, because in this case 
the midrib of the bainite plate corresponding to the 
true habit plane is much better defined than in the 
case of a two-surface analysis. Besides, during the very 
first beginning of the transformation process the 
bainite plates will not be influenced by internal 
stresses. 
2, THE EXPERIMENTAL PROCEDURE 
The experiments were carried out with the commer- 
ciai steel 35NiCr18 according to D.I.N. standards 
(equivalent o British standard En3OB) with the fol- 
lowing composition: 0.35 wt.% C, 0.25 wt.% Si, 
0.60 wt.% Mn, 0.03 wt.% P, 0.06 wt.% S, 4.50 wt.% Ni 
and 1.30 wt.‘? Cr. From this steel a number of rectan- 
gular-shaped specimens were cut out mechanically to 
the dimensions 5 x 8 x 0.2mm, and were abraded 
on 220-600 grade Sic-paper followed by an electro- 
lytical polishing for 20s. To avoid contamination of 
a specimen as much as possible during its heat treat- 
ment in a modified hot stage microscope (Leitz), the 
experiments were carried out at a pressure of 
lo-* Torr. The mean modification of the microscope 
consisted of the direct heating (resistant-heating) of 
a tantalum bridge on which the specimen was spot- 
welded. 
The heat treatment of the specimens is shown sche- 
maticaily in Fig. 1 and is based on earlier investiga- 
tions of Beyer [7]. The first step consists of austenitiz- 
ing at a temperature of T3 = 1100°C for 10 min. Dur- 
ing this process, thermal etching occurs and annealing 
twins will arise from which the orientation of the aus- 
tenitic grain can be determined, as described in Part 
I. The next step is to look for a grain containing 
three or four non-parallel ( 111; twin intersections at 
a temperature of T2 = 860°C (about 50°C above the 
de,-temperature). After such a grain is found, the 
temperature is lowered to T, = 365°C (about 70°C 
above the M,-temperature). This temperature is the 
isothermal transformation temperature from meta- 
stable austenite to bainite, and will be lowered to 
room temperature when the bainite plates are going 
to influence each other during their growth. This 
means that the remaining part of the matrix will 
transform into martensite. During the transformation 
from austenite to bainite many optical micrographs 
are taken to enable us to record the origin of the 
bainite plates. 
It is possible that the transformation from austenite 
to bainite already starts before the isothermal trans- 
formation temperature has been reached. This is 
probably due to the decarbonization of the surface 
of the specimen during austenitizing at 1100°C. To 
avoid this problem, the polished specimens are coated 
with a thin carbon layer of 105A. It appears that 
this carbon layer retards the transformation suffi- 
ciently because decarbonization of the surface of the 
specimen has become impossible. Another conse- 
quence is that the contamination of the specimen de- 
creases. 
In the case of a two-surface analysis the specimens 
are polished electrolytically for 20 s, and etched 
chemically in a solution of 2”/, nital for 15 s after the 
transfo~ation is complete. In this stage optical 
micrographs are taken from both surfaces to enable 
us to determine the habit plane of a bainite plate, 
as will be shown in Section 4. 
3. HABIT PLANE DETERMINATION WITH THE 
AID OF THE NEW METHOD 
Figure 2 represents an optical micrograph of an 
austenitic grain containing two regions in twin rela- 
tionship to each other. This micrograph is taken at 
the isothermal transformation temperature of 365°C 
before the transformation from austenite to bainite 
takes place. In Fig. 2, trace direction I is the intersec- 
tion of the surface of the specimen and the common 
twinning plane between part A and B. Part A con- 
tains the {lllj twin intersections I, II, III and IV 
of which II and IV are parallel to each other, while 
the { 111) twin intersections 1, V, VI, VII, VIII, IX 
and X are available in part B. In this case the { 11 l} 
twin intersections I, VII, IX and X are parallel to 
each other, while the same holds for the intersections 
VI and VIII. 
For the orientation determination of part A and 
B, we have taken the non-parallel 111 l] twin intersec- 
tions I, II and III with regard to part A, and I, V 
365 “C 
I 
1 P 
--- 
MS 295 OC -- 
-T 
Fig. I. Schematic representation f the heat treatment of 
the specimens in a modified hot stage microscope. 
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Part. A : NORMAL = 0.85’77 0.5026 -0.1080 
DIRECTION = -0.5103 0.8071 -0.2968 
NORMAL = 0.858’7 0.4994 -0.1149 
DIRECTION = -0.5094 0.8073 -0.2980 
NORMAL = 0.‘7946 -0.1717 -0.5824 
DIRECTION = -0.2372 0.7952 -0.5580 
NORMAL = 0.8757 0.3459 -0.3369 
DIRECTION = -0.4585 0.8143 -0.3558 
Part H : NORMAL = 0.6615 -0.5568 0.5024 
DIRECTION = -0.6530 -0.0981 0.7510 
NORMAL = -0.0283 0.3314 0.9431 
DIRECTION = -0.5085 0.8075 -0.2990 
F’ig. 2. Optical micrograph of an austenitic grain containing two regions in twin relationship to each 
other. This micrograph is taken at the isothermal transformation temperature of 365’C before the 
transformation from austenite to bainite takes place. The indicated orientations with regard to part 
A and part B are computer results calculated with the aid of the method described in Part 1. 
Section 5. 
and VI with regard to part B. The orientations indi- with those of part B. All six directions represent the 
cated in Fig. 2 have been calculated with the aid of trace direction of the common twin intersection I, 
the method described in Part I, Section 5. In both because in both cases the rotation axis AB was per- 
cases the rotation axis AB was perpendicular to twin pendicular to this twin intersection. This means that 
intersection I. In order to determine which of the one of the four directions of part A must be identical 
possible orientations of each part will be the correct (or nearly identical) to one of the two directions of 
one, we have to compare the directions of part A part B. because both parts are in twin relationship 
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Fig. 3. Optical micrograph of the same grain in Fig. 2 taken 154 s after the isothermal transformation 
temperature was reached. 
to each other. It can be seen that this holds for the 
directions of the underlined orientations indicated in 
Fig. 2. An ultimate check can be made by twinning 
mathematically one of the underlined orientations by 
means of the matrix 
belonging to the (111) twinning plane. (It should be 
remembered that a twin intersection which is perpen- 
dicular to the rotation axis AB, is always lying in 
the (111) plane, as described in section 3 of Part I.) 
By twinning mathematically the underlined orien- 
tation of part A we obtain the following vectors, i.e. 
consider the product of both vectors with the matrix 
mentioned above and normalize them again: 
Normal = -0.0299 0.3294 0.9437 
Direction = 0.5094 -0.8073 0.2980 
As can be seen the normal is nearly identical to the 
underlined one of part B (deviation of 0.15”). It is 
clear that the direction remains exactly the same 
(apart from the opposite sign) and shows a deviation 
of 0.08” with regard to the underlined one of part 
B. The choice between the first two orientations of 
part A, which are nearly identical to each other (see 
also Part 1, Section S), is based on the greater devi- 
ation between the twinned normal of the first orien- 
tation of part A and the underlined one of part B 
(0.35”), while the same holds for the two directions 
(0.49”). 
The habit plane determination of part A will now 
be explained with the aid of the optical micrograph 
of Fig. 3. This micrograph shows four non-parallel 
trace directions of bainite intersections with regard 
to part A and is taken 154 s after the isothermal trans- 
formation temperature was reached (compare Fig. 2). 
The midrib of each bainite intersection is a straight 
line and clearly visible. We assume that inside of one 
grain the pole of the habit plane.is the same for all 
bainite plates apart from mutations. This pole is lying 
on a line which is perpendicular to the midrib of each 
bainite intersection. With the aid of the H-P calcula- 
tor/plotter mentioned in Part I, Section 4, a stereo- 
graphic projection plot is made, as indicated in Fig. 
4, with the calculated plane normal of part A in the 
centre of the plot (indicated by N) and the calculated 
direction along the rotation axis AB (indicated by D). 
Because this direction is identical to the common twin 
intersection I between part A and part B, it is possible 
to indicate four lines in Fig. 4 which are perpendicu- 
lar to the midribs of the four bainite intersections 
in Fig. 3. The indicated angles in Fig. 4 with regard 
to the four lines I’, 2’, 3’ and 4, which are perpendicu- 
lar to the four bainite intersections 1, 2, 3 and 4 re- 
spectively, are measured from the rotation axis AB 
in an anti-clockwise direction. These angles in com- 
bination with a given crystal orientation (calculated 
plane normal N and calculated direction D) deter- 
mine the points of intersection between the four lines 
on the one hand and the 90”-traces of all (001) and 
{Oil) poles representing the 24 unit triangles on the 
other hand. The {hkl} poles of the habit planes 
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ANGLE IDEGREESI 
42.0 
50.7 
97.7 
168.2 
-0.7306 -0.L273 
-0.4273 -0.5325 
0.5325 0.L273 
-0.5325 0.L273 
-0.1 1 b9 Orlentatlon of 
-0.2980 I part A in Flg.2 
Fig. 4. Stereographic projection plot of the underlined orientation of part A indicated in Fig. 2. The 
lines l’, 2’, 3’ and 4’ are perpendicular to the corresponding bainite intersections I. 2. 3 and 4 indicated 
in Fig. 3. 
belonging to the bainite intersections 1, 2, 3 and 4 of the habit plane is the same for all bainite plates 
are lying somewhere on the lines 1’. 2’, 3’ and 4’ re- apart from mutations. These positions can be found 
spectively. The positions of these poles are character- by permuting all four lines in Fig. 4 in only one and 
ized by the fact that they all are a mutation of one the same unit triangle as indicated in Fig, 5. If our 
and the same (hkli pole because of the assumption assumption is correct, then all four lines must inter- 
mentioned above that inside of one grain the pole sect each other at one point. As can be seen from 
LINE NUMBER 
1’ 
2’ ~___~_ 
3’ ++++++ 
L’- _ 
x, = -0.4273 
N = -0.llL9 
ill 
ANGLE lDEGREESl 
L2.0 
50.7 
97.7 
168.2 
001 
Fig. 5. Representation of the lines 1’. 2’. 3’ and 4’ (indicated in Fig. 4) in only one and the same 
unit triangle. 
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Fig. 6. Bainite habit plane poles of six different specimens. 
Fig. 5, such a point can be found and is indicated 
by Xi. 
The plot of Fig. 5 is made with the aid of the H-P 
calculator/plotter mentioned above. The necessary 
calculations for such a plot, which are based on the 
points of intersection between the lines l’, 2’, 3’ and 
4’ and the 900-traces of all {OOl] and { 011) poles 
in Fig. 4, enable us to determine the irrational indices 
of the Xi pole, as indicated in Fig. 5. With the aid 
of these indices it is possible to plot in Fig. 4 the 
exact position of X, with regard to each individual 
line. This means that the poles of these positions, 
which are represented by P, Q, R and S in Fig. 4, 
all are a mutation of the Xi pole. Because the sign 
and the sequence of the indices of the X, pole depend 
on the choice of the vectors (OOl), (011) and (ill) 
representing the unit triangle in Fig. 5, it follows that 
the {hkl} pole of the bainite habit planes of part A 
in Fig. 3 must be represented by {hkl} = 10.4273 
0.5325 0.7306)~ of which P, Q, R, S and X, are 
mutations. 
Figure 5 shows a second point at which all four 
lines intersect each other. This point, indicated by N, 
represents the calculated plane normal of part A in 
Fig. 3 and is a mutation of N in Fig. 4. Another 
point which needs our attention too, is the fact that 
we only need three bainite intersections to enable us 
to determine the { hkl} pole of the bainite habit planes, 
but in most cases we often use four or five intersec- 
tions to make an extra check possible. 
The method of habit plane determination described 
above has been employed to six different specimens 
*Prime indicates transpose of a column matrix accord- 
ing to the notations of Wechsler et al. Cl]. 
of which the results are shown in Fig. 6. The indicated 
poles of the bainite habit planes of each specimen 
are always determined inside of one grain. This means 
that some of the grains contained two (specimens 1 
and 5) or three (specimens 2 and 4) regions in twin 
relationship to each other. For the sake of complete- 
ness it must be said that the {hkl} poles of the bainite 
habit planes of part A and part B in Fig. 3 are indi- 
cated in the first unit triangle of Fig. 6. Finally all 
results are summarized in Fig. 7, in which the mean 
habit plane pole is given by 
p; = (0.4180 0.4917 0.7639}y.* 
Although this habit plane pole is an irrational high- 
index austenite plane, it is close to the rational plane 
(569) y (about 15” from [ 111) y). In Section 5 we will 
return to these results. 
4. HABIT PLANE DETERMINATION WITH THE 
AID OF A TWO-SURFACE ANALYSIS 
Two-surface analyses are employed to the speci- 
mens indicated in Fig. 6 after the transformation was 
complete, to enable us to compare this method with 
the one described above. An example of such a direct 
comparison will be shown from specimen number 3 
(Fig. 6). An optical micrograph of this specimen is 
shown in Fig. 8 and is taken 30 s after the isothermal 
transformation temperature was reached. The trace 
directions of the bainite intersections 1, 2, 3 and 4 as 
well as the annealing twins I, II, III and IV are indi- 
cated. Because in this case four non-parallel { 111) 
twin intersections are available, the orientation of the 
grain can be determined unambiguously. The same 
grain is shown again in Fig. 9 after the isothermal 
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Fig. 7. Representation of all bainite habit plane poles (indicated in Fig. 6) in only one and the same 
unit triangle. 
transformation temperature from metastable austenite the remaining part of the parent phase has been trans- 
to bainite was lowered to room temperature. At that formed into martensite on cooling to room tempera- 
moment (180 s after the isothermal transformation ture. 
temperature was reached) about 35% of the parent Cutting of the specimen along the line KM, enables 
phase was transformed into bainite. This means that us to determine with the aid of a second surface the 
Fig. 8. Optica! micrograph of a partly transformed austenitic grain taken 30s after the isothermal 
transformation temperature was reached. The habit plane pole of the indicated bainite intersections 
1, 2, 3 and 4 is shown in the third unit triangle of Fig. 6. 
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Fig. 9. Optical micrograph of the same grain indicated in Fig. 8 
/1 II 
Fig. 10. Composrte mlcrograph ot bamlte plates sectioned on two surfaces nearly at right angles to 
each other and used for a two-surface analysis to determine the habit plane. Surface I corresponds 
with the upper half of Fig. 9. 
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LINE NUMBER ANGLE IDEGREESl 
25.6 
93.0 
102.0 
152.6 
0.4643 0.7754 -0.4280 
0.66L3 0.4280 
O.L280 0.7754 
H = 0.46$3 -0.L280 0.7754 
Fig. I I. Stereographic projection plot of the orientation of the grain in Fig. 8. The lines 1’. 2’, 3’ 
and 4’ are perpendicular to the corresponding bainite intersections 1. 2, 3 and 4 in Fig. 8. The habit 
plane poles E’. G’ and H’ are determined with the aid of a two-surface analysis, whereas the poles 
E, F. G and H are determined with the aid of the new method described in Section 3. 
poles of the bainite habit planes belonging to the in- 
tersections 1, 3 and 4 indicated in Fig. 9. The result 
of this cutting operation is shown in Fig. 10 in which 
surface 1 corresponds with the upper half of Fig. 9 
The angle between the normals of both surfaces is 
92.6”. Because the trace directions of the bainite inter- 
sections 1, 3 and 4 are recognizable in surface I as 
well as in surface II it is possible to measure the 
angles between these directions and the line Z which 
is perpendicular to the intersecting line KM. The 
habit plane poles belonging to the bainite intersec- 
tions 1. 3 and 4 are now determined through further 
stereographic construction (on a 30 cm stereographic 
net) and are indicated in Fig. I1 by E’, G’ and H’, 
respectively. Figure 11, however, is a stereographic 
projection plot of the grain in Fig. 8, with the calcu- 
lated plane normal in the centre of the plot (indicated 
by N) and the calculated direction along the rotation 
axis AB (indicated by D) coinciding with twin inter- 
section I. The positions E, F, G and H. which are 
also indicated in Fig. 1 I. represent the poles of the 
bainite habit planes belonging to the intersections 1, 
2, 3 and 4 indicated in Fig. 8, and are determined 
from this figure with the aid of the new method of 
habit plane determination described in section 3. 
These habit plane poles are lying on the lines 1’. 2’, 
3’ and 4’ which are perpendicular to the correspond- 
ing bainite intersections 1. 2, 3 and 4 (Fig. 8). It 
should be remembered that the poles E, F, G and 
H all are a mutation of the same (hkl} pole (Fig. 
11) representing the pole of the bainite habit planes 
belonging to the intersections 1, 2, 3 and 4 in Fig. 
8. This [hkl; pole is given by (hkll = rO.4280 0.4643 
0.7754jy and is indicated in the third unit triangle 
of Fig. 6. 
The mutual deviations between E and E’, G and 
G’, and H and H’ in Fig. 11 are about 5”. A much 
larger deviation, however, is found with regard to the 
trace direction of bainite intersection number 3 in Fig. 
3. The habit plane pole of this bainite plate deter- 
mined with the aid of a two-surface analysis is indi- 
cated by T in Fig. 4. In this case the deviation 
between T and the corresponding pole S, of which 
the position is determined with the aid of the new 
method of habit plane determination described in 
Section 3, is about 11”. The origin of these deviations 
will be discussed in the following section. 
5. DISCUSSION 
The new method of habit plane determination as 
described in Section 3 is rather accurate. It is 
observed that the first three or four bainite intersec- 
tions always intersect each other at one point (for 
example X1 in Fig. S), if they can grow out in an 
almost stress-free matrix. In such a case the bainite 
intersections are very straight thin plates (midribs) 
corresponding to the true habit plan,es (compare Fig. 
8). Bainite intersections which arise in a further stage 
of transformation mostly deviate from the point of 
intersection mentioned above. However, the measured 
deviations were no more that kO.5”. The accuracy 
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of the orientation determination of the austenitic 
grains using non-parallel {ill} twin intersections is 
estimated to be better than rfrO.5” (compare the devi- 
ation between the calculated twin of the orientation 
of part A in Fig. 2 and the calculated orientation 
of part B, described in Section 3). This means that 
the overall accuracy of the habit plane determination 
with the aid of the new method is estimated to be 
less than + 1”. A con~rmation of this is given by the 
fact that the mutual deviations between the (hklj 
poles of the bainite habit planes in the unit triangles 
1, 2, 4 and 5 of Fig. 6, are less than 2”. Besides these 
mutuai deviations can also be a result of local inho- 
mogeneities in the grain. With the aid of these results 
we can now conclude that the total spread in all 
measured habit plane poles indicated in Fig. 7 is more 
than that which can be attributed to experimental 
errors alone. Although all habit planes have no 
greater deviation than 3.5” with the mean habit plane, 
it is much more than the accuracy of measurement 
of 1”. Therefore, this tota spread must largely be 
attributed to changes in temperature during the trans- 
formation process and changes in chemical composi- 
tion with regard to each specimen. 
The fact that the irrational mean habit plane, which 
is close to the rational plane j569:,1, is not exactly 
{ 1 If :y but even 15” away from it means that all non- 
parallel bainite trace directions inside of one grain 
represent a different mutation of the j/t!@ habit plane, 
The consequence is that the number of variants is 
not limited to four [9]. This corresponds with the new 
method of habit plane determination, because two 
habit plane poles belonging to two non-parallel 
bainite intersections can never lie in the same unit 
triangle (compare Fig. 4) in view of the fact that they 
must be mutations of the same {hkr; pole. 
The method of habit plane determination with the 
aid of a two-surface analysis is frequently used [8-lo]. 
The accuracy of this method is often estimated to 
be less than ~0.5” [S]. This lines up with the fact 
that habit plane traces can be determined very accu- 
rately on m~crographs taken at a magnification of, 
for instance, 1000x. The mean problem, however, is 
the indication of a midrib for the habit plane which 
represents the first stage of the transformation pro- 
cess. In most cases the measured plane is the mid- 
plane of a plate [9]. It is doubtful if such a plane 
corresponds to the true habit plane. In other cases 
the midrib is taken to be parallel to the mean planar 
boundaries of the bainite plate [8], in spite of the fact 
that these boundaries may deviate from the overall 
orientation of the plate. These problems, however, 
have to do with the stage at which the habit planes 
are determined. In our case, for instance, a two-sur- 
face analysis can only be used after the transforma- 
tion is complete. This also means that internal stresses 
influence the orientation of the bainite plate and thus 
the habit plane. The existence of these stresses is 
demonstrated by the fact that bainite intersections 
which arise in a further stage of the transformation 
process deviate from the point of intersection found 
with the aid of earlier bainite intersections, as de- 
scribed above. This means that changes in the true 
habit plane pole will occur at later stages of the trans- 
formation process. 
The accuracy of the habit plane determination in 
the ‘case of Fig. 10 is estimated to be less than & 1”. 
This means that the difference in orientation of 5” 
(Fig. 11) and even 11” (Fig. 4) in the habit plane deter- 
mined with the aid of both methods and employed 
to the same bainite plates, cannot be attributed to 
errors of measurement alone. For that reason, this 
difference must be attributed to internal stresses and 
to the fact that it is mostly impossible to indicate 
a midrib of the bainite plate corresponding to the 
true habit plane after the transformation is complete 
(compare Fig. 10). 
A clear illustration of the different stages at which 
the habit plane determinations are carried out with 
regard to both methods, is given by Fig. 8 and Fig. 
9 (or Fig. 10). These different stages may be a possible 
explanation for the large dilatations of the order of 
2% which must be invoked in the basic theories to 
be able to account for the observed habit planes [4], 
because in the present invesfjgat~on it is observed that 
due to the interaction between neighbouring bainite 
plates the habit plane poles change at later stages 
of the transformation process. In view of these results 
it seems to be justified to conclude that the new 
method of habit plane determination is a more reli- 
able one, because this method enables us to determine 
the habit plane at the very first beginning of the trans- 
formation process. In this stage bainite plates will not 
be influenced by internal stresses and a midrib for 
the bainite plate corresponding to the true habit plane 
can clearly be indicated. This means that such a 
bainite plate is a really undistorted plane and this 
justifies the expectation that the new method of habit 
plane determination will correspond fairly well with 
the phenomenological theories even to such an extent 
that an isotropic dilatation parameter 6 on the inter- 
face might be neglected [I, 21. A check of the 
observed habit plane poles with regard to the crystal- 
lography of these phenomenological theories, i.e. the 
I.P.S. theory, and the determination of the orientation 
relationship will be shown in a later publi~tion. 
6. CONCLUSIONS 
A new method has been developed for the deter- 
mination of the bainite habit plane in specimens of 
a commercial 35NiCr18 steel without the aid of the 
I.P.S. theory. The transformation of this steel is com- 
pleter on cooling to room temperature. That is, no 
austenite is retained in the structure. Therefore, the 
new method is based on the orientation determina- 
tion of the austenite prior to the bainite transforma- 
tion using non-parallel { 11 I) twin intersections, as 
described in Part I. 
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A comparison between the new method of habit 
plane determination and that of a two-surface analy- 
sis employed to the same bainite plates, shows a dif- 
ference in orientation of the habit plane which cannot 
be attributed to errors of measurement alone. In view 
of this result it has been appeared that the new 
method is a more reliable one, because of the stage 
at which the habit planes are determined. This stage 
is the very first beginning of the transformation pro- 
cess. That means that a midrib for the bainite plate 
corresponding to the true habit plane can clearly be 
indicated. Besides the bainite plates will not be in- 
fluenced by internal stresses. These two conditions for 
the determination of a correct habit plane are missing 
in the case of a two-surface analysis, because this 
method can only be used after the transformation is 
complete with regard to the steel used in this investi- 
gation. 
The observed habit plane is irrational but close to 
(569)~. 
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